We reinvestigate the correlation between black hole mass and bulge concentration. With an increased galaxy sample (totalling 27), updated estimates of galaxy distances, black hole masses, and Sérsic indices n -a measure of concentration -we perform a least-squares regression analysis to obtain a relation suitable for the purpose of predicting black hole masses in other galaxies. In addition to the linear relation, log(M bh ) = 7.81(±0.08) + 2.69(±0.28) log(n/3) with ǫ intrinsic = 0.31
+0.07
−0.06 dex and a total absolute scatter of 0.31 dex. Extrapolating the quadratic relation, it predicts black holes with masses of ∼ 10 3 M ⊙ in n = 0.5 dwarf elliptical galaxies, compared to ∼ 10 5 M ⊙ from the linear relation, and an upper bound on the largest black hole masses in the local universe, equal to 1.2 +2.6 −0.4 × 10 9 M ⊙ . In addition, we show that the nuclear star clusters at the centers of low-luminosity elliptical galaxies follow an extrapolation of the same quadratic relation -strengthening suggestions for a possible evolutionary link between supermassive black holes and nuclear star clusters. Moreover, we speculate that the merger of two such nucleated galaxies, accompanied by the merger and runaway collision of their central star clusters, may result in the late-time formation of some supermassive black holes.
Finally, we predict the existence of, and provide equations for, an M bh -µ 0 relation, in which µ 0 is the (extrapolated) central surface brightness of a bulge.
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Introduction
While perhaps not surprising to AGN-astronomers, over the past five to ten years, the notion that a supermassive black hole (SMBH; M bh ≥ 10 6 M ⊙ ) resides at the heart of every significantly large (M bulge ≥ 10 9 M ⊙ ) galaxy bulge, even inactive bulges, has changed from a dubious idea to a mainstream belief. Support for the tide-of-opinion change has, in part, arisen from studies of our own galaxy. Schödel (2003) and Ghez et al. (2005, and references therein, see also Broderick & Narayan 2006) have shown that the mass required inside of the innermost resolved volume of the Milky Way is sufficiently large that it rules out alternatives to a SMBH, such as a cluster of dead stars or stellar mass black holes which, if they did once exist, have surely now merged to form a single, massive object (e.g., Miller 2006) . Although there is only one other sufficiently well resolved galaxy where such a conclusion can be drawn, NGC 4258 (Miyoshi et al. 1995) , it seems reasonable to accept that the dark concentrations of mass at the centers of other galaxies are also SMBHs, and we adopt this convention, or at least terminology, here.
Roughly some three dozen galaxies are close enough that their central, SMBH mass has been measured directly through its influence on the motion of the surrounding gas and stars (Kormendy & Gebhardt 2001; Merritt & Ferrarese 2001a; Ferrarese & Ford 2005, their Table II) 1 . To acquire the mass of the central dark object in other (inactive) galaxies requires an alternative approach, and a number of indirect means to do so have been proposed (e.g., Ferrarese & Merritt 2000; Gebhardt et al. 2000; Marconi & Hunt 2003; Novak, Faber & Dekel 2006) .
Perhaps the most often used relation -due to the small level of scatter (∼0.3 dex) -is the M bh -σ relation (Ferrarese & Merritt 2000; Gebhardt et al. 2000) . With an equivalent level of scatter, and the advantage of requiring only galaxy images rather than spectra, is the M bh -n relation (Graham et al. 2001 (Graham et al. , 2003a , where n is a measure of the concentration of the stars within the bulge. More precisely, n is the inverse exponent from the best-fitting Sérsic (1963) R 1/n light-profile (see for a review of this model). Other relations, often reported to have more scatter than the above two relations, are the M bh -L and the M bh -M bulge relations (Kormendy 1993; Magorrian et al. 1998) . Although, recent studies which have excluded the disk-dominated spiral galaxies (e.g., McLure & Dunlop 2002) , or used only the bulge luminosity from the disk galaxies after performing an accurate bulge/disk decomposition (e.g., Erwin et al. 2002; Marconi & Hunt 2003) have obtained a relationship with a similarly low level of scatter (see also Häring & Rix 2004 ). All of these empirical relations can be, and indeed must be, used to constrain any complete theory or model of galaxy/SMBH co-evolution. Furthermore, all of these relations can be used to gauge the mass of SMBHs in other galaxies.
In this paper we use the Sérsic index n, together with updated SMBH masses (Section 2), to derive the first M bh -n relation constructed for the purpose of predicting M bh in other galaxies (Section 3). This relation may differ from the intrinsic, astrophysical relation presented in Graham et al. (2003a) due to the different method of regression that is required. Armed with such a relation, one requires only images -which need not even be photometrically calibrated -to predict accurate SMBHs in other galaxies. Additional advantages with the use of a global measure such as n, are that it is not heavily affected by possible kinematical sub-structure at the center of a bulge, nor by rotational velocity or vertical dispersion of an underlying disk, nor aperture corections. Furthermore, the quantity n is cheap to acquire in terms of telescope time and unlike absolute magnitudes and masses, it does not depend on galaxy distance nor an uncertain mass-to-light ratio.
As noted in Graham et al. (2001) , there is no a priori reason to presume that the relation between log M bh and log n is linear, and we therefore explore the suitability of a a quadratic equation. In so doing, we find the second order term is inconsistent with a value of zero at the 99.99% confidence level (Section 3.2). Implications at the low-and high-n end of the relation are discussed, relative to the optimal linear fit.
In a forthcoming paper we will apply this quadratic relation to the Millennium Galaxy Catalog (Liske et al. 2003; Cross et al. 2004; Driver et al. 2006 ) containing 10 095 galaxies -which have been modeled with a Sérsic-bulge plus exponential-disk (Allen et al. 2006 ) -to determine the local supermassive black hole mass function (e.g., Salucci et al. 1999; Yu & Tremaine 2002; Granato et al. 2004; Shankar et al. 2004) and space density in both early-and late-type galaxies.
In Section 4 we expand the M bh -n diagram into an M mco -n diagram, where M mco is the mass of the central compact object, which may be a SMBH or a nuclear star cluster. We show that the nuclear star clusters in early-type galaxies appear to follow the curved M bh -n relation defined by galaxies with SMBHs, and we discuss some of the implica-tions this may entail. In Section 5 we show that our M bh -n relation is independent of the Hubble constant.
Given there are now several relations between SMBH mass and the properties the host bulge, in Section 6 we briefly present some musings as to what may be the fundamental primary relation. In this section we derive a new set of equations relating the SMBH mass to the (extrapolated) central surface density of the host bulge. Finally, in Section 7 we provide a brief summary of the paper.
Data for the M bh -n relation
Our sample is comprised of the 21 galaxies used in Graham et al. (2001) plus an additional six new galaxies.
A discussion of the original galaxy light-profiles can be found in Erwin et al. (2002) , see also Trujillo et al. (2004) . Due to updated galaxy distances and SMBH mass measurements, and a refined analysis of the major-axis light-profiles, some of the 27 data points (14 E and 13 S0/Sp) given in Table 1 are slightly different to those published in Graham et al. (2001, their Graham et al. (2003a, their figure 1 ). However, only for two galaxies has the Sérsic index changed by more than 20% -the typical uncertainty on this index (e.g., Caon, Capaccioli, & D'Onofrio 1993) . We briefly comment on these two galaxies here and present their new Sérsic fits in Appendix A.
Although the bulge of the Milky Way is nowadays recognised as having an exponential (n = 1) light-profile, we have fitted the near-infrared data from Kent, Dame, & Fazio (1991) and report an index of n = 1.32 rather than exactly 1. The second galaxy in question is NGC 4564. Subsequent to the analysis in Trujillo et al. (2004) , NGC 4564 is now recognized as an S0 galaxy that was mis-classified as an E galaxy. An R 1/n -bulge plus exponential-disk decomposition has therefore been performed. This resulted in its bulge Sérsic index n increasing from 2.1 to 3.2.
Four of the six new galaxies are listed in Ferrarese & Ford (2005) (NGC 3115, 4486, 4649, 4697) and our Sérsic fits to their light-profiles are also presented in Appendix A. In addition, we have used the bulge/disk decomposition shown in Graham (2002) for the supposedly "compact Elliptical" galaxy NGC 221 (M32), which was not included in our original paper. We have also been able to include NGC 1399 (Houghton et al. 2006) , which previously had no direct SMBH mass estimate. This galaxy's light-profile has been modeled in D 'Onofrio, Capaccioli, & Caon (1994) and we adopt their Sérsic index having obtained the same value from our own fitting of their data.
Despite our attempt to include all of the lowest and highest mass SMBHs, as these data points can have substantial weight on any fitted relation, we have not included the peculiar elliptical galaxy IC 1459 due to uncertainty on both its SMBH mass and its Sérsic index n. This galaxy displays clear signs of past interaction, evidenced by stellar tidal tails (Malin 1985) and stellar shells and ripples at large radii (Forbes & Reitzel 1995) . Due to its unrelaxed, disturbed morphology, its lightprofile is not well fitted with an R 1/n model. It also possesses a fast counter-rotating stellar core. While the stellar dynamics of the core suggest a SMBH mass of 2.6 × 10 9 M ⊙ , the gas dynamics reveal the mass could be as low as 3.5 × 10 8 M ⊙ (Cappellari et al. 2002) .
The upper section of Table II in Ferrarese & Ford (2005) lists 25 galaxies with SMBH masses derived from resolved dynamical studies. A further five galaxies in this list have marginally resolved mass estimates, with 0.39 < r sphere of influence /r resolved < 0.92. Aside from IC 1459, we are only missing quality R-band images for three of these 30 galaxies: NGC 3608, NGC 5128 (Centaurus A) and the relatively distant (z = 0.056) galaxy Cygnus A.
Most of our 27 galaxies have distances from Tonry et al. (2001) , and updated SMBH mass estimates have come from Tremaine et al. (2002) , with exceptions noted in Table 1 . Three galaxies in our sample do not have 'Surface Brightness Fluctuation' distance measurements in Tonry et al. (2001) . For the relatively distant galaxies NGC 6251 and NGC 7052, we used their heliocentric velocities (Wegner et al. 2003) and a Hubble constant H 0 = 73 km s −1 Mpc −1 (Blakeslee et al. 2002) -consistent with the HST Key project value of 72±3 ± 7 (Freedman et al. 2001 ) and the WMAP value of 73 +3 −3 (Spergel et al. 2006) . For the remaining Virgo cluster galaxy NGC 4342, we used the mean Virgo cluster distance of 17.0 Mpc (Jerjen, Binggeli, & Barazza 2004) . The above three galaxies have slightly different SMBH masses in Table 1 to those in Tremaine et al. (2002) due to the slightly different distances used. h NGC 4564 is a misclassified S0 galaxy (Trujillo et al. 2004 ).
Note.-Distances are taken from Tonry et al. (2001, their (Blakeslee et al. 2002; Spergel et al. 2006 ) has been used for the latter two galaxies. The SMBH masses are from the compilation in Tremaine et al. (2002) , except for the Milky Way (Ghez et al. 2003 , see also Beloborodov et al. 2006) , NGC 821 (Richstone et al. 2006) , NGC 3379 (Gebhardt et al. 2000 ; see also Shapiro et al. 2006) , NGC 4486 (Macchetto et al. 1997 ) and NGC 3115 (Emsellem, Dejonghe, & Bacon 1999) . Our sample includes a further three galaxies not listed in Tremaine et al. (2002) . The SMBH mass for NGC 3031 and NGC 1399 are from Merritt & Ferrarese (2001a) and Houghton et al. (2006) , respectively, and the mass for NGC 4374 is from Maciejewski & Binney (2001, with updated errors taken from Kormendy & Gebhardt 2001) . The Sérsic indices are from the major-axis, light-profiles of R-band images, except where noted otherwise.
3. The M bh -n correlation
A linear relation
The M bh -n relation presented in Graham et al. (2003a) was constructed using a bisector linear regression analysis which treated both variables equally. In that study, the relation was derived with the goal of determining the intrinsic physical relation between M bh and the Sérsic shape parameter n of the bulge. Here our objective is different because we wish to obtain a relation that can be used to predict values of M bh in other galaxies from their observed bulge Sérsic index n. We therefore desire an M bh -n relation which minimizes the scatter in the quantity to be predicted, and have thus performed an ordinary least squares (OLS) regression of M bh on n for those local galaxies for which both quantities are known (Table 1) 2 .
Following Graham et al. (2003a) , we have used a 20 per cent measurement error on the values of n, or more specifically, we have assigned an error of ± log(1.2) to log(n). Later on we explore the influence of varying this quantity. Several factors can contribute to the size of this term, including errors in the sky-subtraction, uncertainties in the point-spread-function, the presence of bars which are typically not modeled in bulge/disk decompositions, the influence of additional nuclear components such as star clusters or nuclear disks, and partially depleted cores. The latter two issues can be dealt with by either simultaneously fitting a Sérsic function plus some additional function to account for the excess flux above that of the host galaxy (e.g., Graham & Guzmán 2003; Ferrarese et al. 2006a) , or with the use of the core-Sérsic model (Graham et al. 2003b; Trujillo et al. 2004 ). However, due to these various issues, it can be difficult to acquire reliable individual uncertainties on the Sérsic index for every galaxy, hence our use of an average relative error. Similarly, the use of a fixed relative error of 13% and 5% was assigned to the velocity dispersion term used by Merritt & Ferrarese (2001b) and Tremaine et al. (2002) , respectively, in their construction of the M bh -σ relation (with the exception that they both used a 20% uncertainty for the Milky Way's velocity dispersion).
We have used Tremaine et al.'s (2002) modified version of the routine FITEXY (Press et al. 1992) , to solve the equation y = a + bx, by minimising the quantity
The measurement errors on x i and y i are denoted by δx i and δy i , and the intrinsic scatter ǫ is searched for by repeating the fit until χ 2 /(N − 2) equals 1. The uncertainty on ǫ is obtained when the reduced chi-squared value, χ 2 /(N − 2), equals 1 ± 2/N . Doing so, one obtains log(M bh ) = 2.69(±0.28) log(n/3) + 7.81(±0.08),
(2) with ǫ = 0.31
−0.07 dex in log M bh . This fit is shown in Figure 1 . The total absolute scatter in log M bh is 0.39 dex. Using either an optimistic ∼10% estimate for the uncertainty on n (specifically, using log[n] ± log[1.1]), or a more liberal ∼25% uncertainty (we used log[n] ± log[1.25]), see for example Caon, Capaccioli, & D'Onofrio (1993) , had no significant (1-σ) affect on either the slope or intercept of the above relation. The new intrinsic scatter was 0.35 dex and 0.27 dex, respectively.
The maximum 1-σ error on the predicted value of M bh in galaxies for which n is known is acquired by assuming uncorrelated errors on n and the slope and intercept of the M bh -n relation. Gaussian error propagation for the linear equation y = (b ± δb)(x ± δx) + (a ± δa), gives an error on y equal to
In the presence of intrinsic variance, ǫ, the uncertainty on y will be greater, such that, assuming the intrinsic variance is in the y coordinate,
For our expression (equation 2) we have x = log(n/3), and so dx/dn = 1/[ln(10).n], and therefore
Fig. 1.-Correlation between a galaxy's supermassive black hole mass and the shape parameter (i.e. Sérsic index n) of its dynamically hot component. The Pearson linear correlation coefficient r is given, as is the Spearman rank-order correlation coefficient r s . (The uncertainties on the data points were not used when computing these correlation coefficients.) The regression line shown in the left panel was obtained using a modified version of the routine FITEXY (Press et al. 1992 , their Section 15.3), see equation 2. Consistent results were obtained using the ordinary least squares (log(M bh ) | log(n/3)) linearregression routine from Akritas & Bershady (1996) , see equation 4. The middle panel shows the ∆χ 2 = 1.0 and 2.3 boundaries around the optimal intercept, a = 7.81, and slope, b = 2.69. The projection of the ∆χ 2 = 1.0 ellipse onto the vertical and horizontal axis gives the 1-σ uncertainties δa and δb, respectively. The ∆χ 2 = 2.3 ellipse denotes the 1-σ two-dimensional confidence region. This has been mapped into the right panel, and is traced by the two solid curves. The dashed lines in this panel are the (more commonly used) approximations obtained using (a ± δa) and (b ± δb). The two confidence regions agree well, although the region traced by the dashed lines is, as expected, smaller.
Given the debate over the slope of the M bh -σ relation (Merritt & Ferrarese 2001b; Tremaine et al. 2002; Novak et al. 2006) , it is of interest to know how much the uncertainty in the slope and intercept of the M bh -n relation may contribute to the uncertainty in the predicted SMBH masses. From equation 3, if one measures a bulge to have n = 3 with δn/n = 0.2, then the error in n contributes 96% of δ log M bh . That is, the uncertainty on the slope and intercept of equation 2 are not substantial contributors to the error budget on log M bh . If one has a galaxy with n = 1 or 9, and again δn/n = 0.2, then the combined error from the uncertainty on the slope and intercept contributes only 14% of the error on log M bh .
We have additionally used the OLS regression analysis BCES(log M bh | log n) from the code of Akritas & Bershady (1996) , which allows for both measurement errors and intrinsic scatter. For our sample of N = 27 galaxies, we obtained log(M bh ) = 2.68(±0.40) log(n/3) + 7.82(±0.07),
with ǫ = 0.30
−0.07 dex in log M bh . Using an uncertainty of ± log(1.25) or ± log(1.1) for the value of log(n) had no significant (1σ) affect on either the slope or intercept of the above relation -which agrees well with that in equation 2.
Symmetrical regression
To obtain the intrinsic astrophysical relation, the modified version of FITEXY which minimizes equation 1 should not be used. The reason is because it is biased -to produce a low slope -by the minimisation of the intrinsic variance, ǫ, along the y (i.e. log M bh ) axis. If the minimisation is instead performed along the x (i.e. log n) axis, then the ǫ 2 term in the denominator of equation 1 will be replaced with b 2 ǫ 2 . Making this substitution, and performing the new regression 3 , one obtains b = 3.10 ± 0.33, a = 7.78 ± 0.09, and ǫ = 0.11
The average of the above two slopes from the modified FITEXY routine, (3.10+2.69)/2 = 2.90, agrees well with the slope obtained using the bisector linear regression routine BCES from Akritas & Bershady (1996) , which gives log(M bh ) = 2.85(±0.40) log(n/3) + 7.80(±0.07).
(5) This relation is in good agreement with the (intrinsic astrophysical relation) presented in Graham et al. (2003a) .
A curved relation
As noted in Graham et al. (2001 Graham et al. ( , 2003a , we have no a priori knowledge that the M bh -n relation is linear. For this reason, in those papers we employed the use of both linear and non-linear statistics to measure the correlation strength. Here we go one step further by fitting a quadratic to the data.
We stress that, from a physical stand point, we do not know what the actual form of the relation should be. The quadratic equation which we adopt is an empirical model. In a Taylor series expansion it is simply the next order term. The M bh -n data may in fact be described by a double power-law, however this would require the use of four free parameters (a low-and high-mass slope, and a transition mass and transition Sérsic index). The quadratic relation has only three parameters and is the adopted model for explorations of nonlinearity in the M bh -σ data (Wyithe 2006a,b) .
In passing we note that there have been claims that the M bh -σ relation may not be linear, but has either negative curvature (e.g., Granato et al. 2004; Cirasuolo et al. 2005) positive curvature (e.g. Hopkins & Hernquist 2006) , no curvature at even the 0.75-1.5 σ level (Wyithe 2006b) 4 , or curves down at low SMBH masses and up at high SMBH masses (Sazonov et al. 2005) . Given that the L-σ relation is not linear, having a slope of ∼4 at the bright end and ∼2 at the faint end (Tonry 1981; Davies et al. 1983; Held et al. 1992; De Rijcke et al. 2005; Matković & Guzmán 2005) , and if the M bh -L relation is linear, then the M bh -σ relation 4 The tighter constraint of 0.75 σ (that is, the factor in front of a quadratic term is inconsistent with zero at only the 0.75 σ level), comes from using SMBHs with resolved sphere's of influence. Including galaxies with unresolved sphere's of influence and adding in single epoch reverberation mapping masses (uncertain to factors of 3-4) weakens the result of a purely linear M bh -σ relation, with the probability that the second order term does not equal zero ruled out at the (still weak) 1-5-2 σ level.
obviously cannot be linear, but must have a positive curvature. Of course, the M bh -L relation may not be linear. We fit the quadratic equation y = a + bx + cx 2 , to the (M bh , n) data by minimising the statistic
where y i = log(M bh,i ), x i = log(n i /3), and ǫ is the intrinsic variance which, given our objective of predicting new SMBH masses, we attribute entirely to reside in the y (log M bh ) direction. Solving for χ 2 /(N − 3) = 1, we find log(M bh ) = 7.98(±0.09) + 3.70(±0.46) log(n/3) −3.10(±0.84
with ǫ = 0.18
−0.06 dex. The total absolute scatter in log M bh is 0.31 dex. From Figure 2 , the term c is inconsistent with a value of zero at greater than the 99.99% confidence level 5 .
With small data sets, formal errors can underestimate the true error on a fitted parameter. To explore the danger that we may be underestimating the uncertainty on the parameter c in front of the quadratic term in equation 7, we use Bootstrap Monte Carlo simulations. The random number generator ran1 from Press et al. (2002) was used in a bootstrapping process that involved sampling (with replacement) from the original 27 data points. One thousand data sets containing 27 data points each were then individually fitted to find the optimal log-quadratic equation, exactly as done with the original data. This then gave 1000 new estimates for each of the three parameters (a, b, c). The range in values covered by the central 68.3% of these three data sets gives one an estimate of the 1-σ confidence intervals -without making any assumption about (the Gaussianity of) the distribution. This parameter range is found to be (7.88...8.04, 3.26...4.24, −3.98...−2.30) . This is in good agreement with the 1-σ parameter uncertainties obtained from Figure 1 , but this time the optimal 3-parameter log-quadratic relation (equation 7) is shown. The absolute scatter in log M bh is 0.31 dex. The shaded area corresponds to the ∆χ 2 = 3.53 (1-σ) confidence region. Middle and right panel: The inner, central and outer solid contours denote the ∆χ 2 = 1.00, 9.00 and 15.1 boundaries, respectively: their projections onto the vertical and horizontal axes give the 68.3% (1-σ) 99.73% (3-σ) and 99.99% confidence intervals on the individual parameters in equation 7. The inner and outer dashed lines denote the ∆χ 2 = 2.30 and 11.8 boundaries, respectively, delineating the 1-σ and 3-σ two-dimensional confidence regions. The dotted lines show the ∆χ 2 = 3.53 and 14.2 boundaries, respectively. They correspond to the 1-σ and 3-σ three-dimensional confidence ellipsoids. (see Press et al. 1992 , their Section 15.6). Figure 2 and given in equation 7. We therefore conclude that we are not under-estimating our errors, and that the M bh -n relation is indeed curved.
Using equation 7, and the value of n in other galaxies, the maximum error on the predicted value log M bh , denoted by δ log M bh , can be written as
which equates to
Assuming δn/n = 0.2, Table 2 gives the value of δ log M bh for different values of n. Obviously the error in the slope of the relation (similarly for the linear relation) causes the masses to be less well constrained at the end of the relation. Due to the steepness of the quadratic relation at low n, the uncertainty on the estimated SMBH masses can be large there.
In passing we note one of the implications of a curved M bh -n relation. Either the M bulge -n relation must be curved, or the M bh /M bulge ratio can not be constant with mass.
The high-mass end
An obvious consequence of our second order, log-quadratic, relation is the different expected masses at the ends of the relation. For example, at the high mass end, we no longer predict infinitely large SMBHs. Obviously a linear M bh -n relation or a linear M bh -σ relation, and a positively curving log-quadratic M bh -σ relation, imply infinitely massive SMBH masses at the high-σ end. In contrast, our negatively curving M bh -n relation suggests a maximum mass limit to which the universe has built SMBHs 6 . The maximum mass occurs where the derivative of equation 7 equals zero, i.e., where d log(M bh )/d log(n/3) = 2cx + b = 2(−3.10) log(n/3) + 3.70 = 0. The value of n at this rather broad peak and turnover is 11.9. Scanning the ∆χ 2 = 3.53 (1-σ) confidence region shown in Figure 2 , so as to provide error bounds, this peak corresponds to a maximum SMBH mass of 1. Note.-Uncertainty, δ log M bh dex, on an estimated black hole mass using the linear and quadratic M bh -n relations as a function of n. The steepness of the quadratic relation at low n results in both a better fit to the data for 1 ≤ n ≤ 2, but also an increased uncertainty on the predicted value of log M bh . intriguingly with the upper mass limit for axion bubbles (Svidzinsky 2006 ). We note that this peak is reached somewhat asymptotically as the value of n increases, and that we do not expect galaxies with larger values of n to have significantly smaller SMBH masses than the peak mass.
We additionally note that some studies of highredshift quasars have reported SMBH masses up to 10 10 M ⊙ . If correct, such objects would represent a challenge for the quadratic relation defined by the current local sample. Of course, to properly solve this discrepancy requires direct SMBH mass measurements. With the upcoming ten-fold increase in spatial resolution (compared to the Hubble Space Telescope), the next generation of extremely large telescopes, such as the Giant Magellen Telescope, will be able to resolve the sphere of influence around SMBHs in galaxies ten times further away. The resultant 1000-fold increase in survey volume should help address the issue of just how massive SMBHs are.
It is also worth remarking that the upper mass limit we find is somewhat of a consequence of our use of a quadratic relation. That is, had we used a four-parameter double power-law, we would not observe such behaviour. Although, Figure 2 does suggest that some kind of asymptotic function, which reaches a maximum SMBH mass, would also provide a good description to the data. We will, however, postpone a comparison of assorted arbitrary functions for a later time.
The two galaxies with the highest SMBH masses (NGC 4486 and 4649) appear as outliers from the curved relation. We have checked their Sérsic indices are correct and it may be of value to re-examine their black hole masses. While this is beyond the scope of the present paper, we note that there is reason to suspect that NGC 4486 (M87) might have had its black hole mass overestimated. Maciejewski & Binney (2001) have shown that the SMBH mass in NGC 4374 was reduced by a factor of nearly four, from 1.7×10 9 M ⊙ to 4.64×10 8 M ⊙ , after the slit-width was appropriately dealt with. NGC 4486, like NGC 4374, has similarly had its SMBH mass derived from the emissions of a circumnuclear gaseous disk using slit-spectroscopy. These galaxies also appear to have overly large SMBH masses when compared with the theoretical models of Menci et al. (2006, their Figure 1 ). It may be advantageous to confirm this galaxy's SMBH mass using AO-assisted integral field spectroscopy with an instruments such as NIFS (McGregor et al. 2003) or SINFONI (Eisenhauer et al. 2003) .
The low-mass end
Our negatively curving M bh -n relation suggests that the SMBHs in dwarf elliptical galaxies will be smaller than predicted from the linear M bh -n relation. When n = 1 (M B ∼ −14.5 ± 1.5 mag; Graham & Guzmán 2003, their 
Central star clusters
From an analysis of HST images of lowluminosity elliptical galaxies in the Coma cluster, Graham & Guzmán (2003) presented a correlation between the luminosities of nuclear star clusters and that of their host galaxy. Similarly, strong correlations involving Virgo cluster ellipticals have been reported (e.g. Côté et al. 2006) and also between the nuclear star clusters in the bulges of spiral galaxies and their host bulge's flux (e.g., Balcells et al. 2003) . The cluster-to-host flux ratio reported in Graham & Guzman (2003) was a few tenths of one per cent, intriguingly comparable to the mass ratio observed between SMBHs and their host bulge. In Figure 3 we have expanded the M bh -n diagram by including the masses of nuclear star clusters plotted against their host galaxy's Sérsic index. We have used two data sets obtained with the Hubble Space Telescope, and therefore likely to have had a reliable bulge/starcluster decomposition.
The first data set is from Graham & Guzmán (2003, their Table 2 ). We have converted their F606W nuclear star cluster magnitudes into masses using an F606W-V color of −0.3 mag (Fukugita, Shimasaku & Ichikawa 1995) and a
This ratio is the median of the (King model) dynamical M/L ratios from 57 star clusters listed in McLaughlin & van der Marel (2005, their Table 13 ; see also Pryor & Meylan 1993, their Table 2 ). The second data set comes from Ferrarese et al. (2006a, their Table 3 ), for which we have used an F475W-V color of 0.2 mag and M/L V = 1.5(M ⊙ /L ⊙ ). Due to the association of SMBHs with their host bulge, rather than the host galaxy, we have exluded the lenticular galaxies 7 because Ferrarese et al. (2006a) modeled the combined bulge+disc light with a single Sérsic function. That is, no bulge/disc decomposition was performed.
Figure 3 reveals (albeit with some scatter which is in part likely due to our conversion from flux to mass) that the nuclear star clusters appear to follow the same log-quadratic relation as defined by the (M bh , n) data set. Clearly there is no sharp transition; both SMBHs and star clusters have overlapping masses in the range 3 × 10 6 < M mco /M ⊙ < 10 8 . Furthermore, the lower limit to the SMBH masses may be due to selection effects, i.e., a reflection of our inability to resolve the SMBH sphere of influence in low-mass bulges (Merritt & Ferrarese 2001a ). Similar results using host bulge mass, rather than Sérsic index, have recently been reported in Côté et al. (2006) , Ferrarese et al. (2006b) , Rossa et al. (2006) and Wehner & Harris (2006) . McLaughlin, King, & Nayakshin (2006) propose that feedback from supernovae and stellar winds from a nuclear starcluster can regulate the growth of the host bulge and thereby explain the latter connection.
The result shown in Figure 3 is intriguing because it suggests that the formation mechanisms of nuclear star clusters may share some common processes with the formation of SMBHs. The shallower potential wells, lower central stellar densities (prior to core-depletion in massive elliptical galxies) and shallower central gradients in lower n bulges (Terzić & Graham 2005 ) may result in the production of star clusters rather than SMBHs.
An obvious question is: Do any of the galaxies in Table 1 possess nuclear star clusters in addition to their SMBHs? For the Milky Way the answer is yes (Merritt 2006 and references therein) . For the local group galaxy NGC 221 (M32), the excess central flux above the Sérsic model may not represent a distinct additional central massive object, as is the case with the nuclei in NGC 205 (Valluri et al. 2005) . In many galaxies, the presence of nonthermal flux from AGN can complicate the identification of nuclear star clusters when using only images and light-profiles. One additionally requires spectral information. In general, core-Sérsic galaxies do not show any excess nuclear flux, and the few which do show excess flux have an AGN. In contrast, the majority of the lower-luminosity Sérsic ("power-law") galaxies in Table 1 do show excess nuclear flux. However, this is usually due to an AGN. Two exceptions are NGC 3384 and NGC 7457, which possess both a SMBH and a central star cluster (Ravindranath et al. 2001) .
While the mass of the star cluster in NGC 3384 is approximately twice its SMBH mass, the star cluster in NGC 7457 is an order of magnitude greater than its SMBH mass 8 Creating a new M bh+mco -n diagram would move NGC 7457 (which has the second lowest SMBH mass in our sample) so that it overlaps with a cluster of three other data points seen in Figure 2 -leaving it consistent with the quadratic shown there.
Successive mergers of nucleated, low-n, lowluminosity galaxies will eventually result in a galaxy whose mass is sufficient to expect a SMBH. This then raises the tantalising possibility of the recent formation of some SMBHs from the merger of two, or more, nucleated galaxies and the subsequent merger and 'runaway collision' of their respective nuclear star clusters. To date, such a collisional process in star clusters has only been invoked to explain the formation of intermediatemass black holes (IMBHs: Quinlan & Shapiro 1990; Portegies Zwart et al. 1999; Freitag, Gürkan, & Rasio 2006) . We are, however, unaware of the actual dwarf-dwarf galaxy collision rate today, and do not wish to suggest it is a frequent phenomenon.
The formation scenario proposed here for potential young SMBHs is perhaps, at face value, contrary to the conventional scenario in which they form via gas accretion during the height of quasar activity. Indeed, massive black holes have long been known to exist at high-redshifts, z > 3. Nonetheless, we do not rule out a kind of "downsizing" or late-time formation of low-mass SMBHs built through a relatively dry runaway merger of nuclear star clusters. While involving no significant AGN feedback, such a process could still maintain the M mco /M bulge mass ratio.
If there are appreciable numbers of young SMBHs built from the merger of nuclei, this may require a downward revision to measurements of the average radiative efficiency of SMBHs and thus their implied rate of rotation (e.g., Ferrarese 2002; Shankar et al. 2004; Wang et al. 2006 ).
Dependence on H 0
The above linear and curved relations are nearly, but not completely, independent of the Hubble constant. While the Sérsic indices are independent of galaxy distance, the SMBH masses depend linearly on the distance to each galaxy. Distances for 24 of our 27 galaxies were obtained from surface brightness fluctuation measurements and are thus independent of the Hubble constant, as of course is the Milky Way center. However, a Hubble constant of 73 km s −1 Mpc −1 was used to derive the distances to NGC 6251 and NGC 7052 from their redshift.
Studies which use the M bh -n relation, or indeed the M bh -σ relation, need to know if the SMBH masses predicted from the relation are dependent on H 0 . If they are, then the Hubble constant needs to factored into such mass derivations and thus also estimates of the SMBH mass function and space density. We have therefore rederived the quadratic M bh -n relation excluding NGC 6251 and NGC 7052, so as to remove any possible dependency on H 0 . Doing so, we obtain log(M bh ) = 7.97(±0.09) + 3.75(±0.46) log(n/3) − 2.92(±0.83)[log(n/3)] 2 , with ǫ = 0.17
−0.06 dex. This is not significantly different from the expression given in equation 7. In fact, the main reason for the slight shift in numbers is because of the exclusion of NGC 6251 -which resides at the high-n end of the relation, and thus has more weight than individual points in the middle of the relation -rather than the use of H 0 = 73 km s −1 Mpc −1 for this galaxy. This is evidenced by using H 0 = 100 km s −1 Mpc −1 for NGC 6251 and NGC 7052 and adjusting their SMBH masses accordingly, which results in log(M bh ) = 7.97 + 3.64 log(n/3) − 3.11[log(n/3)]
2 . This expression is closer to equation 7 than the expression in the previous paragraph is to equation 7, and reveals that the exclusion of NGC 6251 and NGC 7052 introduces more of a change than the use of an uncertain Hubble constant. It therefore makes sense to use equation 7 and, given the uncertainties on the fitted parameters a, b and c, treat equation 7 as if it were independent of the Hubble constant. The same statement is true for equations 2, 4 and 5.
6. An M bh -µ 0 relation
There are now several relations between SMBH mass and the properties of the host bulge, such as luminosity, mass, velocity dispersion within some radius, and concentration. Which of these is the most fundamental remains unanswered (Novak et al. 2006) . It may be that none of these are the drivers of the SMBH-bulge connection, but that all are symptomatic of a more profound relation. For instance, the combination of concentration and central density might be what is important -as this defines both the baryonic distribution and the strength of the gravitational potential with radius, at least until dark matter becomes a significant factor. It is therefore not unreasonable to expect that this might influence, or possibly even dictate, the ability of a bulge to fuel any central SMBH.
The motion of the stars within a bulge, traced through the observable σ, is the dynamical response to the underlying mass distribution. While σ is therefore a tracer of mass, it is obviously dependent on how that mass is distributed, and is thus a) a function of the central stellar density and b) has a radial dependence which is set by the stellar concentration, at least within ∼ 1R e (Lintott, Ferreras, & Lahav 2006) .
While the SMBH mass might be a product of the radial mass distribution, specified by the central density and concentration, the observed relation between central density and concentration (e.g., Graham & Guzmán 2003, their Figure 9 ; Merritt 2006, his Figure 5 ) subsequently means that one can express the SMBH mass in terms of just one of these quantities. Extrapolating under the nuclear star clusters in low-luminosity bulges, and over the partially-depleted cores in giant galaxies -whose central stellar density has been modified by the slingshot effect of coalescing SMBHs -gives an estimate of a bulge's (original) central stellar density. Given the M bh -n relations derived in this paper, we can predict a correlation between M bh and central stellar density.
Substituting log(n) = (22.8 − µ 0,B )/14, where µ 0,B is the central B-band surface density (Graham & Guzmán 2003) 9 , into equation 2 gives log(M bh ) = 10.91 − 0.19µ 0,B .
A relatively large uncertainty on the central surface brightness of 1 mag arcsec −2 translates to an uncertainty of only 0.19 dex in the logarithm of the SMBH mass, a value comparable to the intrinsic scatter found for equation 7. Substitution of the above term for log(n) into equation 7 gives log(M bh ) = 8.13 + 0.25µ 0,B − 0.016(µ 0,B ) 2 . (10)
These two expressions differ most in their prediction of SMBH masses at the low mass end (Figure 4) , with the linear relation predicting ∼ 10 6 M ⊙ masses if µ 0 = 25B-mag, and the quadratic relation predicting masses of ∼ 10 4 M ⊙ at this faint central surface brightness.
Although we are unable to conclude that an M bh -µ 0 relation is more, or even equally, fundamental than any other relation involving SMBH mass, we do consider it prudent to explore this possibility. We hope to acquire calibrated, highresolution, near-infrared images to further investigate this proposed relation. Due to the random projection angles of triaxial bulges on the plane of the sky, one might expect a certain amount of variability in the observed values of µ 0,B . We therefore note that it may be advantageous to construct a plot of SMBH versus the deprojected (internal) central density. Such a program, however, is beyond the intended scope of this paper.
Summary
We have constructed the M bh -n relation using updated SMBH masses and refined galaxy Fig. 3 .-Central 'massive compact object' mass versus host galaxy Sérsic index 'n'. Filled circles represent SMBHs in elliptical galaxies, while open circles represent SMBHs in disk galaxies. The stars represent nuclear star clusters in elliptical galaxies presented in Graham & Guzmán (2003) and Ferrarese et al. (2006) . The straight line is the same as that shown in Figure 1 , and the curved line is the same as that shown in Figure 2 . light-profile shapes, n. We performed an ordinary least squares, linear regression of M bh on n that allows for measurement errors and intrinsic scatter ǫ, to obtain log(M bh ) = 7.81(±0.08) + 2.69(±0.28) log(n/3), with ǫ = 0.31 +0.09 −0.07 dex in log M bh .
We additionally considered the possibility that the M bh -n relation may not be linear, and applied a quadratic fit to account for the apparent curvature in the distribution. Although an arbitrary empirical function, the second order term in the quadratic fit log(M bh ) = 7.98(±0.09) + 3.70(±0.46) log(n/3) −3.10(±0.84)[log(n/3)] 2 ,
with an intrinsic scatter ǫ = 0.18
+0.07
−0.06 dex, is inconsistent with a value of zero at the 99.99% confidence level. These relations were constructed with the objective of obtaining a relation that can be used to predict SMBH masses in other galaxies for which the bulge Sérsic index is known. Unlike the linear relation, the quadratic relation predicts finite SMBH masses at the high-n end, and ∼ 10 3 M ⊙ mass black holes when n ∼ 0.5, rather than ∼ 10 5 M ⊙ obtained with the linear relation.
The Sérsic index, a quantity obtained from uncalibrated images, and independent of galaxy distance, offers an easy way to acquire accurate estimates of black hole masses in other galaxies. Moreover, the strength of the correlation (r = 0.88, r s = 0.95) implies a fundamental connection that theory is yet to explain. In addition, we have shown that the nuclear star clusters at the centers of low-luminosity bulges appear to follow the same log-quadratic M bh -n relation. This is suggestive, although not conclusive, that a similar formation mechanism may be responsible for the build up of massive compact objects (whether black holes or star clusters) at the centers of bulges.
Finally, in Section 6 we have derived, for the first time, the expected linear and quadratic relation connecting the mass of a SMBH with the central surface brightness of its host bulge (Figure 4) .
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